Vegetation has been proven for establishing and implementing resistive measures against erosion and failure of slopes, river banks, removal of air pollution and reduced storm water runoff. Installation of cover crop involved soil element usage as growth medium which create several interaction between both strands. This study was carried out to investigate the soil strength performance by using Guinea grass at different planting period up to three months. Grass was planted in a 300 mm x 300 mm x 700 mm test plot with a suitable soil medium. Direct shear tests were conducted for each plot to determine the soil shear strength according to different planting period. Some basic geotechnical testing were also carried out. The results showed there is an increment in shear strength for soil sample over the time at various depths. During period of 1st, 2nd and 3rd month, the average shear stress of 100 mm depth was 50.56 kPa, 63.96 kPa, and 96.59 kPa respectively. Meanwhile, for 200 mm depth the result was 40.843 kPa, 53.91 kPa and 62.93 kPa respectively. Lastly, on 300 mm depth, shear stress was 37.21 kPa, 51.09 kPa, and 59.27 kPa respectively. Based on the result, the higher shear strength was obtained at different planting period and at varying depths. From the observation, roots mass increased for different planting period. In terms of tensile strength, the diameter of the root affects the rate of resistance against the tensile forces. This indicated that the roots structure growth affects the soil shear strength.
Introduction
Although the value of vegetation in preventing soil erosion is now well established, its function in stabilizing slopes against soil mass movement is less certain and not well understood. However, the importance of woody vegetation in protecting slopes against shallow sliding and mass movement has gained considerable recognition in recent years [1] .
Slope stabilization is the process of establishing and implementing resistive measures against erosion and failure of roadway cut slopes or fill embankments [2] . The use of a cover crop to overcome the slope of landslides is widely practiced around the world. Grass seeding is the most efficient and effective method of stabilizing bank and slope. Grass will reduce water movement and allow more infiltration. It will effectively hold soil particles in place, reducing sedimentation. Surface that is completely covered with grass will be more stable because the roots grip the soil on the slopes and prevent it from sliding. Above ground, the shoots can grow up to two meters and when sown together near each other, it will form a solid vegetative barrier that retards water flow, filters and traps sediment in runoff water [3] . Moreover, the grass absorbs carbon dioxide and through photosynthesis, oxygen is released, therefore reduces greenhouse gases in the atmosphere [4] .
Surface runoff and precipitation will affect negatively to weaken the bond between soil particles and even worse will causes soil erosion, landslides or slope failures. Soil structure will decreased drastically in terms of strengths if corrective measures are not performed. Deterioration of soil strength will become worse when runoff velocity increased. A high rate of water seepage into the ground will separate the soil particles and weaken the soil conditions at the failure zone.
Therefore, in this study, interaction between plants and soil as a result of roots growth in the context of the slope stabilization is studied. It was aimed to analyse the strength performance of soil slope at different planting period of less than a year. Besides, the relationship between shear strength and slope of varying depths for vegetated soil at different planting period was examined. Knowing the influence of root tensile strengths towards the mechanical reinforcing effect, a tensile test has been conducted on the roots of Guinea grass.
Materials and Methods
Plot Preparation. Four plots with dimension of 300 mm x 300 mm x 700 mm had been considered ( Fig. 1 ). All plots were planted with Guinea grass (Megathyrsus maximus) as shown in Fig. 2 Plot Maintenance. Plant Watering Activities. The grass was watered uniformly to ensure it gets enough water to growth. However, the frequency of the plants watering normally is affected by several factors such as weather conditions, maturity of the plant, species and soil types.
Water Content Control. Prior to direct shear test, it is important to ensure that the water content for each plot almost similar. This is important because water will influence the strength of soil as it is one of the parameter to predict slope stability [5] . Before sample was retrieved from the plot, a watering procedure had been set up by using 800ml of water. After that, the plot is left under the roof area for two hours before the direct shear test could be performed.
Soil Sample Preparation. In order to extract soil sample, the mold with dimension of 60mm x 60mm x 700mm was penetrated into the soil in test plot ( Fig. 3 ). Then, it was transferred into direct shear apparatus (ring) that has the same dimension as that mold except its length ( Fig. 4 ). For record, the sample thickness was 25 mm and it was taken at soil depth of 100, 200 & 300mm beneath the soil surface.
Direct Shear Test. Direct shear test was conducted by using Shear Trac II machine (Geocomp Inc. USA) at Research Centre for Soft Soils (RECESS) as shown in Fig. 5 . The machine is fullyoperational supported by the software installed into a computer for real-time data and results monitoring during the test.
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Direct Shear Test Procedure. Soil sample from the ring with 25 mm thickness was inserted into the shear box carefully to avoid the soil samples from being disturbed. The sample was pressed gently with special pressing tool as shown in Fig. 6 . Prior to direct shear test, the sample will go through consolidation phase with vertical stress of 25 kPa applied on it. The amount of stress used to take into account that the soil samples were tested on 100 mm, 200 mm, and 300 mm from the surface. It is important to adapt the actual situation on the ground near to the surface. After the consolidation graph shows the constant rate result, direct shear test was performed. The test was carried out with shearing rate of 1.0 mm/minute and the maximum displacement of 10 mm (16.7% strain). Figure 4 : Sample placed into a ring. Figure 5 : Shear Trac II machine (Geocomp Inc. USA).
Root Tensile Test.
A total 13 root segments of Guinea grass root samples were washed and then cut into 100 mm in length. The root was clamped with adhesive tape each time during the testing. The laboratory root tensile test was conducted by using the Instron Universal Testing Machine. During the test, measurement of force and extension at failure were measured. The value of tensile strength was derived as maximum force/sectional area of the root (N/mm 2 ).
Root Profiles. Once direct shear test is completed, the rooted sample is washed to remove soil from the clod leaving only the root specimens ( Fig. 7) . This screening process enabled the root growth to be measured in term of mass at different planting period up to 4 months ( Fig. 8 ). process.
Results and Discussion
Direct Shear Strength. Guinea grass soil-roots shear strength (average) up to month 3, for the depth of 100 mm below the soil surface ranged from 35.55 kPa to 69.59 kPa ( Fig. 9(a) ). The average of shear stress increased drastically at the early stage of the test i.e. at small displacement, less than 4.0 mm. For depth of 200 mm, the average shear strength ranged from 36.18 kPa to 62.93 kPa ( Fig. 9(b) ). This show a decrease of nearly 10% in maximum average shear strength recorded
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Modern Civil Engineering in Trend of the Sustainable Infrastructure Development compared to previous depth. Lastly, the average shear strength at depth 300 mm ranged from 26.39 kPa to 59.27 kPa ( Fig. 9(c) ). It was observed that the average of shear stress increased drastically at the early stage of the test i.e. at small displacement, less than 2.0 mm. However, the maximum average shear strength recorded for this level show a decrease of nearly 15% compared to 100 mm depth (month 3). Overall, the shear stress of rooted soil decreases with increase of depth due to amount of roots found on top soil is higher than below (Fig. 13) . When the root density is high, roots and soil create a complex system that can be considered as a new matrix that works as a unique phase in which soil and roots properties cannot be well distinguished [6] . Shear Strength Comparison over Time. The comparisons performed on the results of direct shear tests for different planting period showed a linear increment for the average shear stress encompassed different planting period (Fig. 10 ). Water Content. The results of the percentage of water content in soil samples are presented in water content (%) versus time graph as shown in Fig. 11 . It shows only small differences between percentages of water content recorded for every month.
Effect of Root Weight on Shear Stress. As expected at the beginning of this study, soil shear strength increased with the growth of roots [7, 8] . However it turned out to be different for this study. As shown on Fig. 12 , a graph of the root weight versus time, not much changes occurred to the weight of the growing roots at the different planting period from month 1 to month 3. Moreover, the increase of soil shear strength seemed not be affected by roots weight (Fig. 13) .
Tensile Strength. Result of the maximum tensile resistance of roots in diameter ranged from 0.20 to 0.75 mm shows that Guinea grass exhibited the maximum tensile resistance of 18 N (Fig.  14) . Hence, based on the observation of graph maximum tensile resistance versus diameter, an increase in diameter would increase the tensile resistance. Similar trend was also observed by [9, 10] . Finally, the maximum tensile strength (force/root area) of Guinea grass was 120 MPa (Fig.  15 ). From the regression analysis between tensile strength and root diameter, it can be observed that the tensile strength decreased with increasing root diameter which is in line with the previous root studies conducted by [10, 11] . According to [12] , during soil shearing, the finer and thinner roots 
Conclusion
It can be concluded that the shear strength of rooted soil samples was higher than the soil samples without roots. This result was clearly demonstrated by series of direct shear tests that has been conducted in this study. Moreover, shear strength of soil showed an increment due to plant growth in the root structure from time to time. It was due to the roots grip into the ground, giving some mechanical reinforcement effect resulted in strengthened of soil. As for the tensile strength, the value decreases with increasing root diameter.
